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the developing capacity of the physical developer, and such is actually the case. In 1981, Danscher (7) published an improved form of Luppo-Cramer's developer, in which developing capacity was elevated and non-specific stainings suppressed to the minimum by increasing the amount of hydroquinone, adopting higher than ordinary developing temperature (26°C), and using silver lactate instead of silver nitrate as a silver ion supplier. Danscher's developer has been customarily employed in most of current histochemical studies concerned (8, 13, 18, (31) (32) (33) .
Our attempts have previously been made to prescribe other improved physical developers by means of two types of modifications in their preparation processes; the replacement of hydroquinone by a more potent developing agent such as bromohydroquinone and the preparation of gum Arabic colloid by ultracentrifugation. For further refinement of a physical developer, research concerned with other component(s) of developer than developing agent and gum Arabic colloid are essential.
In the present study, our concern was focused upon the concentration and type of weak acid contained. Thus, we [1] tested the effect of the concentration of citric acid in physical developers upon the intensity of the immunohistochemical reaction concerned, [2] explored the possibility that citric acid contained in physical developers can be replaced by other polycarboxylic acids, and prescribed two newly modified physical developers by changing the concentration and type of acid. We further [3] revealed the practical usefulness of these refined developers in the immunohistochemistry of several antigenic substances, and [4] compared tissue specimens immunostained using Danscher's physical developer with those using our new developer, so as to gain insight into the relative potentiality of the latter developers. In addition, a consideration was made as to the sensitivity of the immunohistochemical techniques using the present physical developers.
The knowledge obtained in the present study would be of practical significance, inasmuch as it would lead to elevation in the efficiency of concerned histochemical techniques. MATERIALS AND METHODS
Experimental animals
The animals used in the present study were ; 20 intact male Wistar rats weighing about 200 g, 10 male alloxan-diabetic Wistar rats weighing 300 g to 350 g, 10 male spontaneously diabetic KK mice aged 4 months, and 5 female intact rabbits weighing about 3.5 kg. Preparation of tissue specimens A series of organs were dissected out from donor animals, such as the pancreas (intact rats), heart (intact rats), anterior pituitary gland (alloxan-diabetic rats and KK mice) and oviduct (intact rabbits). Pieces of these test tissues were fixed in chilled (4°C) Zamboni's fixative (tissues for the demonstration of ANP and substance P) or chilled (4°C) Bouin's fixative (the rest of tissues) for 12 hr. They were then dehydrated in an ascending ethanolic series, cleared in benzene and vacuum-infiltrated (40 min) and embedded in paraffin. Four micra-thick sections were prepared and mounted on glass slides. These were dewaxed in xylene, hydrated through a graded ethanolic series and subjected to the histochemical staining techniques below. (13) Hydrated sections were processed according to the same procedure as in the above protein A-gold silver technique, except for step 6, where the protein A-gold solution was replaced by an immunogold solution. Some steps involved in the original immunogold silver technique were modified or omitted in our staining procedure, based on our own experiments. Such steps are; fixation in formal sublimate fixative, iodinization, deiodinization and trypsinization.
(c) Physical development procedures
In the present study, a number of physical developers containing a varying amount or type of acid were tested. Developers 1, 2 and 3 (Table 1) , which are particularly named, are examples. The physical developers tested are of three categories; 1) a series of physical developers which contain 300, 400, 500, 700 mg/61 ml citric acid and 700 mg/61 ml citric acid + 250 mg/61 ml sodium citrate, but are otherwise of the same constitution as the Developer 1, 2) a group of physical developers which contain either 100 or 200 mg/61 ml bromohydroquinone and varying amount (200, 300, 400, 500 and 700 mg/61 ml) of maleic, malonic or succinic acid, but are otherwise of the same constitution as the Developer 1, and 3) the physical developer formulated by Danscher (7) .
As exemplified in Table 1 , all developers tested are admixtures of A and B solu-tions. 20% gum Arabic solution in redistilled water was centrifuged at 18,000 rpm (39,917 x g) for 60 min at 0°C and the supernatant was contained in solution A. For preparation of solution B, bromohydroquinone was dissolved in 15 ml redistilled water at 30°C, immediately filtered through Whatman No. 2 filter paper and the filtrate was rapidly cooled to 20°C. Then, citric acid, maleic acid or other acid tested was added to the filtrate, whose volume was finally adjusted to 15 ml with redistilled water. The working solution was prepared by gently mixing A and B solutions in darkness immediately before use. Physical development was carried out for 40 min at 20°C in a dark room. The temperature of development was strictly kept at 20°C. when necessary, a photographic safe light apparatus (Hansa Photoindustrial Goods Co.) equipped with a Hansa No. 2 safe light glass (red) and a 20 W tungsten lamp was used at a distance of 1 m from the working solution.
In addition, some sections of pancreatic tissues were developed in Danscher's physical developer (7) for 40 min at 26°C in a dark room, following the immunohistochemical pretreatments. (d) Control staining To substantiate the specificity of immunostainings, some sections were processed for the protein A-gold silver or immunogold silver technique in which primary antibody was preabsorbed by corresponding antigen, whereas others were physically developed without any prior immunohistochemical treatments. (e) Reagents
The following antibody and protein A-gold reagents were employed; Goat anti-rabbit IgG gold (particle size 5 nm) (Janssen Co. Ltd., Belgium) Protein A-gold (particle size 5 nm) (Janssen Co. Ltd., Belgium) Guinea pig anti-pig insulin (Dacopatts A/S., Denmark) Rabbit anti-pig glucagon (Dacopatts A/S., Denmark) Rabbit anti-human somatostatin (Dacopatts A/S., Denmark) Rabbit anti-human pancreatic polypeptide (Cambridge Research Biochemical Ltd., England) Rabbit anti-human atrial natriuretic polypeptide (ANP) (Cambridge Research Biochemical Ltd., England) Mouse anti-human prolactin: a preparation from the immunoperoxidase staining kit supplied by Immunotech (France). Rabbit anti-mammalian sequence Substance P (Cambridge Research Biochemical Ltd., England)
Bromohydroquinone and gum Arabic were the products of Eastman Co. and Ishizuseiyaku Co., respectively. All the other chemicals used were of JIS special grade and purchased from Wako Pure Chemicals Co. RESULTS 
1.
Results as to the effect of the concentrations of citric acid in physical developers upon the intensity of immunohistochemical reactions Sections from the pancreas tissues were stained for insulin with the protein Agold silver technique in which anti-insulin antibody and protein A-gold solutions were diluted 24,000 and 160 times respectively and, a series of developers were tested. The developers tested contained varying amounts (300, 400, 500 and 700 mg/61 ml) of citric acid, but were otherwise of the same constitution as the Developer 1. At 300, 400, 500 and 700 mg/61 ml of citric acid contents, pH values were 3.47, 3.36, 3.27, and 3.10 respectively. A uniform developing time of 40 min was adopted.
As is apparent in Figures 1, 2 and 3 , the histochemical staining reaction was found to gradually, decline in intensity with increasing concentrations of citric acid in the physical developer, and the reaction was exceedingly feeble in intensity at 700 mg/ 61 ml of the acid concentration. The addition of 250 mg sodium citrate to the developing solution containing 700 mg/61 ml of citric acid elevated the pH to 3.45, a value nearly comparable to that of the developer containing 300 mg/61 ml citric acid. Such a maneuver increased the intensity of the reaction, however, not to the level of intensity obtained when the developer containing 300 mg/61 ml citric acid was used (Fig. 4) .
Of the above mentioned series of physical developers, the one containing 500 mg/ 61 ml citric acid was of particular note from a practical point of view, since it gave rise to particularly excellent stainings; the reaction products obtained were of a sufficient density and non-specific reaction products extremely low in amount. Hence, it was A rat pancreatic islet stained with protein A-gold silver for insulin using a physical developer containing 500 mg/61 ml citric acid but otherwise the same components as those of Developer 1. Reactions of B cells for insulin are weaker in intensity than those in Fig. 1 decided to use the particular developer containing 500 mg/61 ml of citric acid as a refined reagent of choice (Developer 2, Table 2 ). 2. Results as to replacement of acid in the physical developer. The possibility was explored that citric acid in Developer 1 could be replaced by other polycarboxylic acids. Those physical developers which contain either 100 or 200 mg/61 ml bromohydroquinone and varying amount (200, 300, 400, 500 and 700 mg/61 ml) of maleic, malonic or succinic acid, but are otherwise of the same constitution as the Developer 1, were tested. Of these physical developers, only the one which contains 100 mg/61 ml bromohydroquinone and 300 mg/61 ml maleic acid, namely Developers 3 brought about satisfactory results. Those physical developers with more than 300 mg/61 ml maleic acid induced feeble reactions. On the other hand, prominent non-specific reactions were recognized when the developers containing more than 100 mg/61 ml bromohydroquinone or less than 300 mg/61 ml maleic acid were used. The remaining physical developers tested which contained malonic or succinic acid were found to be labile, and could not be used. In order to specifically evaluate the effect of replacing citric acid with maleic acid, sections from the rat pancreas were stained for glucagon with the immunogold silver technique in which the following physical developers were comparatively used; Developer 3, and a physical developer that contains 300 mg/61 ml citric acid but is otherwise identical to Developer 3. The latter developer is tentatively named Developer 3'. Primary and secondary antibody solutions were diluted by facters of 8,000 and 160 respectively, and a developing time of 40 min was adopted. As illustrated in Figures 5 and 6 , insular A cells were much more intensely stained in sections immunostained using the Developer 3 than in those similarly stained by means of the Developer 3'. However, non-specific background stainings were comparable in extent in the two groups of sections examined. As a combined effect, the former developer permits more distinct immunostaining as compared with the latter.
Comparison between these two developers was likewise made in sections stained for insulin with the protein A-gold silver technique, and a similar result was obtained (data not shown). 3. Results as to the practical uses of the refined physical developers for the immunostainings of different antigenic substances in tissues As is apparent from the above results based on pancreas sections, the two refined physical developers exhibited respective advantages; the Developer 2 was characterized by extremely weak non-specific reactions, whereas the Developer 3 resulted in intense histochemical reactions. For the detection of islet hormones in the pancreas, use of the Developer 3 gave better results than the Developer 2, although both developers could be used. In immunostainings for other antigenic substances examined here, however, a critical problem is encountered, when the Developer 3 is used; frequently non-specific reactions are recognized.
Which type of revised physical developer is adopted in each immunostaining prac- tice is a matter of trials. As a result of such trials, we successfully immunostained a series of diffrent antigenic substances, by selectively using refined developers. These substances included; insulin, glucagon, somatostatin, pancreatic polypeptide, atrial natriuretic polypeptide, prolactin and substance P. The items listed in Table 2 refer to; the kinds of test specimens, antigenic substances to be immunostained, the types of immunostainings, the dilution of primary antibodies and gold-labelled secondary antibodies (or protein A-gold), the types of developer, and developing time.
In pancreas sections subjected to the immunostainings for insulin, glucagon, somatostatin and pancreatic polypeptide, distinct positive reactions could be noted in association with secretory granules of B, A, D and PP cells (Figs. 7-10) .
Sections of the rat heart were immunogold silver stained for ANP. At low magnifications, intense positive reactions were observed over the atrial myocardium (Fig. 11) . At higher magnifications, such positive reactions were found to be localized in the cytoplasm of both atrial muscle cells and Purkinje fibers (Figs. 12, 13) .
Sections of the anterior pituitary from KK mice and alloxan-diabetic rats were protein A-gold silver stained for prolactin. An abundance of anterior pituitary cells were found to exhibit positive reactions of varying intensities (Fig. 14) . The reactions varied in intensity not only with individual cells, but with different loci within a single cell.
Fin. 11. A longitudinal section through the heart of an alloxan-diabetic rat stained with immunogold silver for ANP using Developer 2. Strong reactions are localized in the atrial myocardium. X 1. Sections of the oviduct from the rabbits were immunogold silver stained for substance P. Intense positive reactions were exhibited by nerve fibers present in the muscular and subserosal layers. In addition, less intense positive reactions were detected along nerve fibers running in the lamina propria (Fig. 15) . 4 . Results as to the tentative use of Danscher's developer (7) in the immunostainings Some sections from the pancreas were subjected to the protein A-gold silver technique for insulin in which Danscher's physical developer (7) was used. The following two sets of dilutions were selected for primary antibody and protein A-gold; 1/2,000 for primary antibody and 1/40 for protein A-gold, and 1/8,000 for primary antibody and 1/80 for protein A-gold. The physical development procedure was performed at 26°C for 40 min in both sets of immunoreagent dilutions. In the former set of immunoreagent dilutions, distinct positive reactions for insulin were visualized (Fig. 16) . Under such conditions, however, non-specific reactions were apparent in both the endocrine and exocrine pancreatic cells, and these non-specific reaction products were marked particularly in association with nuclei of the pancreatic acinar cells (Fig. 16 ). On the other hand, positive reactions for insulin were unusually feeble in the latter set of immunoreagent dilutions (Fig. 17) .
Results of control survey
Throughout all the control stainings, no distinct positive reactions were obtained.
DISCUSSION
A number of physical developers have so far been devised and used in not only photography but histochemistry. These developers can be divided into at least two groups; the first and second. All the physical developers now available for histochemistry, including Luppo-Cramer's, Danscher's (7) and our developers belong to the first group. All these developers commonly contain four major components; developing agent (hydroquinone or its derivative), silver ion supplier (silver nitrate or silver lactate), weak acid (citric or maleic acid) and protective colloid (gum Arabic). According to Danscher's surmise, an acidic pH induced by the presence of citric acid moderates the reducing speed of hydroquinone in this type of physical developer, and such a surmise is apparently based upon the well-accepted principle in photographic chemistry that the developing rate of developing agents such as hydroquinone varies in direct proportion with environmental pH values (30) . The second group of physical developers is exemplified by the formulae prescribed for photographic purposes by Jaenicke and Kobayashi (14, 15) and Mii and his associates (1, 2, 17, 23) . This group of developers is characterized by the following (30) . In the experiment [1] of the present study, it was noted that the intensity of the protein A-gold silver reaction was inversely related with the concentration of citric acid in physical developers, and that such a relationship was only in part dependent on the pH values of the developer.
Since all the steps in the staining procedure of the protein A-gold silver technique other than the physical development step were identical throughout the experimental groups, the observed variations in the intensity of the reaction could necessarily reflect differences in the developing rate of each group.
Apparently, the present results are not fully in keeping with the above concept of Danscher on the role of citric acid in physical developers. In an attempt to explain reasonably such a discrepancy, a tentative hypothesis may be raised that citric acid tends, to some extent, to complex with silver, and that this, together with the pHmediated effects of the acid, plays a critical role in controlling the rate of physical development. Thus, it is likely that the above-mentioned mechanism of stable silver complex formation underlying the activity of second group physical developers (30) is operative in the first group of physical developer as well. In this context, it is of great interest to note the chemical data (Table 3 ) available in literature (28) that indicate the capacity of citric and maleic acids to complex with some transitional metals. (Unfortunately analogous data concerned with silver are not available.) Among the different physical developers tested here, the developer containing 500 mg/61 ml citric acid was found to give rise to particularly favorable stainings. In view of this, we decided to use it as one of the refined physical developers (Developer 2).
The experiment [2] substantiated the possibility that citric acid in the physical developer can be replaced with other adequate polycarboxylic acid. This could provide an important clue for future studies on the physical developer.
In the experiment [3] , either of the present refined physical developers could be used for the protein A-gold silver and immunogold silver techniques for successful detection of a series of antigenic substances in tissues. It is of particular note that substance P was distinctly demonstrated in paraffin sections. To the best of our knowledge, this substance has so far been histochemically demonstrated for light microscopy, exclusively in frozen or freeze-dried sections and in vibratome-sectioned specimens (5, 26, 3) .
Concerning the concentration of primary antibody, the dilution values markedly lower than those employed in the present study have been described in a number of previous studies, in which similar antigenic substances were demonstrated, by means of immuno-peroxidase, immunofluorescence and avidin-biotin-complex techniques (3, 5, 6, 11, 21, 22, 26, 27, 34) . (Comparison is, however, not feasible for prolactin, since the reagent of anti-prolactin antibody used here was supplied in a diluted form). On the contrary, comparable dilution values have been reported in the remainder of the studies employing immuno-peroxidase, immuno-fluorescence and avidin-biotin-complex techniques (8, 38, 39, 41) , where, however, sections were immersed in primary antibody solution for much longer periods of time (12 to 48 hr) than those used here. From the results of the experiment [4] , the differences in the 
